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Learning Objectives
• Why do we need sleep?
• How much sleep do we need?
• Why do we sleep?
• How do we measure sleep?
• Normal sleep architecture
• What makes us sleep?
– Homeostatic sleep pressure
– Circadian rhythms
• What happens when we don’t sleep enough or sleep at 
the wrong time?
– Short term consequences
– Long term consequences
• How do we manage sleep issues at NASA?
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Normal Sleep Architecture
Blume et al. Front. Human Neurosci. 2015
What makes us sleep?
Borbely Hum Neurobiol. 1982
We’re supposed to feel functional when 
we are sleep deprived
Van Dongen et al., Sleep 2003
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St. Hilaire et al. Sleep 2016
Can you pay back sleep debt?
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Circadian Rhythm
Borbely Hum Neurobiol. 1982
Circadian Rhythm
Bodinat et al. Nature Reviews Drug Discovery (August 2010)
Circadian Control of Biological Function
Dijk and Lockley, JAP 2002
Dijk and Lockley, JAP 2002
Circadian Nadir
Wake Maintenance Zone
Dijk and Lockley, JAP 2002
Scheer et al. PNAS 2009
Barger et al. Sleep 2012
Scheer et al. Obesity 2013
Human Phase Response Curve to Light
Khalsa et al. J Physiol 2003
Influence of Light on Circadian Rhythms
• Dependent on:
– Wavelength
• Blue light ~480 nm range strongest
– Suppresses melatonin
• Red light ~700 nm weak effect
– Pattern
– Duration
– Intensity
Circadian Misalignment
www.nasa.gov
www.asc.csa.ca
Consequences of Sleep Loss and Circadian 
Misalignment
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3:00 11:00 19:00 3:00 11:00
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Median
Slowest 10%
Fastest 10%
Johnson et al. 1995
Consequences of Sleep Loss and 
Circadian Misalignment
Walker and Stickgold Ann Rev Psych 2006
Walker and Stickgold Learning and Memory 2003
Garaulet et al. Int J Obesity 2013
Consequences of Circadian Misalignment
Phillips et al. Sci Reports 2017Sleep Regularity Index
Consequences of Circadian 
Misalignment: Short Sleep
BWHHMS
Aligned Misaligned
Mean (SD) Mean (SD) p-value
Actigraphy Sleep Duration (h) 6.4 (1.2) 5.5 (1.4) <0.01
Latency (m) 10.4 (15.1) 13.0 (24.9) 0.29
Number of Awakenings 1.7 (1.9) 1.8 (1.8) 0.36
Sleep Efficiency 89% (7%) 90% (7%) 0.18
Sleep Quality 66.8 (17.7) 60.2 (21.0) <0.01
Alertness 57.9 (21.7) 53.5 (21.4) 0.14
Flynn-Evans et al., Nature Microgravity 2016
Long Term Consequences of Sleep Loss 
and Circadian Misalignment
• Increased risk of breast and prostate cancer 
(Schernhammer et al. Epidemiology 2006 
Flynn-Evans et al. JNCI 2014)
• Increased risk of obesity (Fonken et al. PNAS
2010)
• Increased risk of coronary heart disease 
(Kawachi et al. Circulation 1995)
• Increased risk of Type 2 diabetes (Pan et al. 
PLOS Medicine 2011)
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Barger et al., Sleep, 2012
Barger et al., Sleep, 2012
Thank You!
Contact: Erin Flynn-Evans
erin.e.flynn-evans@nasa.gov
